




Removal of Proteins from Fabrics by Protease 
Washing of Woolen Fabric Neck 8ands Soiled by Stratum Corneum Oebris- -
MOTOI MINAGAWA AND lKUKO OKAMOTO 
序 ;.企‘百聞









が織紺の長さの方向に~èli'J した二j宮崎i立(bi l ate raJ struc-
t ure)が認められている?このほか羊毛を峨成するポリ
ペプチド鎖内あるいは鎖聞には-s-s-結合や -SHJ主，

























































(8acillus subtilis var.)，中性糸状菌プロテアー ゼ(Asp-
ergillus oryzae neutral)，中性放線菌プロテアーゼ























い.オスミウム般で固定処理した羊毛汚染布(0.5cm XO. 5 








汚染布 5cm X 10cm( 3枚)





汚染布 5cm X l()cm( 3校)







汚染布 5cmX l()cm 
洗 f{. 液:!()()mt 





























と. Plate 5 -22のことくになる
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)l絹羊毛シングルジャージー (No1 ) 丸編下毛ダブルジャージー (No.2) 九編羊毛ダブルジャージー (No3 ) 
Plate 5 羊毛衿汚染布の表面状態(走査氾F顕l微鏡)




















着・l吸蔵されやすいが，特にサージ(Plate 15(No.27)PJa te 16 
(No31))では皮併と白抜筏触する布表面の凸部と織物組織
の空陥に多くの汚れが保持される傾向が認められる。











九編羊毛i昆シングルジャージー(陶11) 平編羊毛i昆天竺ジャージー (No.12) 平編羊毛混天竺ジャージー (No.13)
Plate 9 羊毛悦衿汚染布の表T白状態(走公電子顕微鏡)




平組織羊毛織物 (No.17) 平組織羊毛織物(No.1S) 平組織羊毛織物 (No.19)
Plate 11 羊毛衿汚染布の表1m状態(走資也子顕微鏡)
平組織羊毛織物(胤20) 平組織羊毛織物(肋.21) 





























綾組織羊毛織物 (No.24) 綾組織羊毛織物 (No25)







Plate 15 羊[;衿汚染，(Irの表面状態 (定住'，n・顕微鏡)
綾組織羊毛織物 (No.29)

























Plate 22 i"-も衿汚染1tiの京市状態(走食屯 HJ'I微鏡)
羊毛フェルト (No.44)
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編物 の種 類 編物(m のEmZ)さ たん臼質量量 脂質量( mg/g繊維) ( mg/g繊維)
NO. 1 丸鰐シングルジャージー 0.5 3 /3.6 70.2 
2 丸編ダブルジャージー /..2 8 8.5 8/.7 
3.丸縞ダブルジャージー 0.7.2 8.8 ι守..5
4 丸鋪ジャガードジャージー /.0/ ヲ'1- 86.'1-
5 I再編天堂ジャージー O.S 8 /之.8 75./ 
6 ミラニーズ偏ジャージー 0.5 .5 / /.9 6 6.'1-








/ / S.87 











鍋物の圏直顕 編軍(曹・の・摩)書 たん由貿量 脂質量 たん白質/脂質量(・g/g績鰻)( ag/g 11纏}
同.8 平鍋天堂ジャー ヲー 。』ι / /.'1- 66.1 /5.16 
9丸編ダブルジャー ジー /./1 1.9 70.3 / /7.9 0 
10丸鍋タプルジャー ジー /.1 5 s‘.2 7/.9 //1.77 




1 5 平絹天理r~ ャ -9-
16丸編ダブルジャー ジー
0.6 '1- E立 59.5 //7..26 
0.5/ ι.5 '1-9.0 / /7.5'1-
0.'1-6 ι.守 53.1 / /7.70 
0.91 7.1 67.6 / / 1.67 






同1.12:ラムウー ル30%.アクリル 096 
同.13:アンゴラI，l%" カシミア696，アクリルヲ 0%


















由 晴の圃掴 酷曹の摩さ 糸(本/由ineh度} ( . ) 
NO. 17 早組暗宅略物 A 0..2 7 c 56 X5 c 
18 B 。.2CO 70X7.2 
19 c 0.3 C6 35X~1 
20 D 0.397 与3X株主
21 E 自尽.21 55X61 
22 F 0.500 IIIXl3 
23 c 0.116 .27X.27 
2-4 組踊毛龍田 A 0.355 69X75 
百 B ロ~36 76XC5 
田 C O.~ 71 ~6X"'1 
27 D O.l弘タ」 60X61 
28 E 0.'"ヲs 65XC9 
29 F Gι.25 51 X 95 
30 c 0.5惇E "'3 X5l戸
31 " 0.5ヲs 7"'X77 32 1 O.C 31 "'OX53 
33 Z 1./ 0 5 "'IX5.2 
34 霊 り 組曲毛暗樹 A 0，3タg 611XII 
35 B 0.~Ç9 ~6X55 
36 c 0，535 51X73 
37 。 0，653 115X5.2 
38 E 0，671 56X65 
39 F 0.76.2 6.2X70 
40 c 1，055 33 x3 6 
41 日 1.307 3.2X3.2 
42 E 1.3.2 6 JヲX30
43 フェルト宅酷駒 A 1.005 



























たん自質量 Z冒 11 • たん由貿/脂寅量 世帯商車(%)( -&/8橿離}(町/g踊量)
( 13) 
6.9 31.9 1 / ~. 6 .2 5格Z
6.6 33.1 1/5.0.2 59.6 
7.2 35C 1 / ~.9 7 4与之3
5.6 3~.3 1/6.13 63.0 
6.3 35.1 1/5.61 66.5 
5.0 30.3 1/6.06 ~I ヲ
4戸? 1 1.7 1/1.17 67.5 
守司4 37.1 1/弘 11 57.6 
7.C 3~. .2 1 /~.3 C 55，). 
6.9 31.1 1 / 5，5.2 5 9.3 
6.6 311.7 ノノ5，.26 57.0 
7.0 "''.3 1/6.33 5 3.~ 
5.9 36..2 ，ノ6.1鋒 56.5 
6，5 得3.5 1/6.6ヲ 5 C.3 
6，l手 "'.2.3 1/6.61 6略E
56 5 0.5 1 /9.0.2 61.2 
5.1 ヰ写体 1 / 1.71 66 
1.1 1.2.1 1/5..2 0 570 
6.6 36格 1/5.5.2 60，1 
7.0 ~ 1.0 1/5，16 53.1 
6タ ~ ~，.2 1/6，l民/ 主 I.C
6.5 3タJ 1/6，05 主9占
5.6 年3.1 1/7.70 53.0 
ヰq ~.2.7 1/1.71 67.3 
~..2 '" 0.'" 1 /9.6.2 7 0.'" 
有~ . 9 辱5，5 1/9，.2タ 6Cノ
与♀ .2守9 'ノ4ら4ら格 5.2，9 























洗浄条件 :蒸留水， '1-0土.2・C，J 0分間
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分解する-lI;1'[ ~，'i 共性の広い ，~，刊2波紋 l自ブロテアーゼ






























醇事官の原類 同一 株 力価(PU/g) 思適 pl! 最適沼度( .C 
トリプシン ヲ.96x/03 E 3.5-'1-0 
申住細菌プロテアーゼ Bacillus subtilis var. 'I-.g $ X /04 7-7.$ ヰ0-$$
中性糸状aプロテアーゼ Aspergillus oryzae neutral .2.99 X / 04 7-g '1-0 
中性1l!.線菌プロテアーゼ Streptomyces gri sens 1 /./ .2 X /04 7-g '1-0-$0 
アルカリ世主総肉プロテア ゼー I Bacillus subtilisin D P W $.0/ X / 04 /0.$ $0-65 
'/ 4拶 // 11 Bacillus subti lisin Carlsberg 7.5 OX/ 0
4 /0.$ $0-6$ 
アルカリ性糸状的プロテアーゼ Aspergillus oryzac aJkaline .2.9$X/04 g-/O $$-ι。
アルカリ性放線蔚プロテアーゼ Streptollyces fradiac /.95 X / 04 守 '1-0 
アルカリ性不完全的プロテアーゼ Fungi imperfecti /.2 g X / 05 守-// 主主~ι 口
酸性系状潟プロテア ゼー Aspcrgi 11 us sai t01 /ー7$ X / 04 .2.$ -3 ヰ0-$0
プロテアーゼの力価 :Casein-Fol in早色 B法
( 15) 
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Plate 25 汚染前の羊毛サージの表面状態(走査
電子顕微鏡)
Plate 26 羊毛サージ衿汚染布の表面状態 (走資
電子顕微鏡)
{障紫の 置 姐}
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反転図書聖(c p・}
():モデル申性腕剤(0.1.3.3 96 ) 
. :豚寓(10PU/副)/モデル中性洗剤(0.1.3.3 96 ) 
厳司l:Dacl 1山 subtilisin 8 P N'そ生産聞とする細園プロテアーゼ



































































面状態(Terg・0-Tometer 150cpm) (走資屯 f
顕微鋭)
( 19) 




1 • 1・1ートリ 7ロルエタンは抱*系の消剤の中て1














する下 Gf'，i'公布に比し， 一般にかな り{fh、洗浄必1)1与を
ぷし特に有機i容占IJ，界1M活性高IJ，耐をおよびアルカ りな
どで変性しやすい卵(1たん白伐の汚染イ1;では除去しにく
















。20 40 60 
A :たん自質汚れ
日:脂質汚れ(エチルエーテル嫡出物)































































































ハークロルエチレン/AerosoJ OT( 1 %)およびハーク ロ
ルエチレン/AerosoJOT/水(0.3%)により洗浄し，溶剤1
'1 ' の水分が羊毛衿汚染布のたん白質汚れの洗浄骨)J!~に お



















， I II~: 
パークーチレシ耳カ付ン性ドライ酬 1~: 
# t <:





































パークロルエチレン 1 1 
パークロルヱチレン/エロゾール σT(/耳) 1 l 
パークロルエチレン/エロゾー).OT( /蕗)/>I<(且.]j匝)1 l 
lI I I I 
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Summary 
Forty four kinds of neck bands with different woven designs and knit designs were prepared in order to study the 
condition in which the strat山ncorne山ndebris adheres to the fabrics， and the amount of the stratum corneurn debris 
adhering to the fabrics. With regard to wet cleaning， observations were made on the influence of denaturation of pro-
tein stains， the chemical cornposition of the synthetic detergents， the substrate speci自cityof the enzymes， the enzyrne 
activity in the detergent solution， and the rnechanical effect of washing on the removal efficiency of straturn corneum 
debris from w∞len fabrics ; and with regard to dry cleaning， observations were made on the incluence of the type of dirt， 
the variety of the synthetic detergents， the amo凶 tof rnoisture in theωlvent， and the effect of enzyme on the removal 
of stratum corne山ndehris from w∞len fabrics 
1) 7cmx37crn neck bands (w∞len serge and w∞len rnuslin) which were worn for 3 consecutive days were cut into 
1cmx5cm strips from which 10 strips were randomly picked and sewn together to form 5cm x 10cm experimental 
strips and were stored in a dark place at 0 -5.C 
2) The soiled condition of the surface of the woolen fabrics were observed by a jEM 1∞B -ASID type scanning 
microscope (accelerated voltage 10 KV， 70 -1∞μA) after fixing the soiled fabrics (0.5 cm x 0.5 cm)' with osmic acid， 
and securing the strゅeon the supporting table， and then followed by A u -sputter coating. 
3) The removal efficiency (D) of protein stain was obtamed in the following manner : The rnaterials for examination 
before and after washing were heat extracted (shake at the rate of 1∞:i: 2T / min for 120 minutes at叩土 2'Cin an 
incubater) from the soiled fabrics by using 1∞ml (per 5 cm x 10 cm of fabric) of pH 8.2， M / 20 Clark-Lubs boric acid 
bufferωlution. The materials thus extracted were colored by using a copper-Folin reagent， the optical density of 
which was measured by a maximum absorption wave length of 750 nm， and D % was computed by the following 
formula 
D % = (Ds -Dw) / (Ds -Dc) X 1∞ 
Dc : optlcal density of extract of fabric (1 g per fabric) before soiling 
Ds : optical density of extract of soiled fabric (1 g per fabric) before washing 
Dw: optical density of extract of soiled fabric (1 g per fabric) after washing 
4) The stratum corneum debris adhering to 42 kinds of woven and knit design woolen fabrics were巴xaminedunder 
a scanning electron microscope with the following observations: Small and large membrane like stratum corneum deb-
ris which had fallen of from the surface of the skin were seen encircling and adhering to the fibers， some were caught 
by the scales， whilst others were attached over 2 -3 fibers ; and stil others were caught in the gap of a bundle of fibers 
However， ingeneral， the influence of the父alestructure which is characteristic of w∞len fibers seemed to be dominant 
and together with the covering of secretions， such as sebaceous matter and sweat， the surface of the自berswas soiled 
in加 irregularand complicated manner. The knit design fabric， which has as units stitches with wide freedom，日exi-
bility， pliability， and自tnessshowed more soiling by stratum corneum debris than the woven design fabric. However， in
the woven design soiled fabrics which have as units regular stitches with a comparatively naπow margin of frωdon， 
( 23) 
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the stratum corneum debris seemed to adhere more to fabrics which have undulations on the surface and with a high 
density of fabric 
5) A study of the amount of protein and sebaceous matter adhering to the various kinds of soiled neck bands 
revealed that protein and sebaceous matter (ethylether extract)， ingeneral， adhered more to the knit design collar bands 
than to the woven design neck bands. Alω， inthick fabrics of both the knit and woven designs there was tendency 
for more sebaceous matter to adhere to the bands. 
6) A study of the removal of dirt from the various kinds of w∞len neck bands by wet cleaning revealed that the 
removal efficiency of protein from woven design soiled neck bands was， ingeneral， lower than that from the knit design 
soiled neck bands. This was especially pronounced in woven design soiled neck bands made of strongly twisted thread 
or with a high thread density. 
7) A study of the e釘'ectof surface active agents in the detergent liquid on the removal efficiency of stratum cor-
neum debris revealed that the removal e伍ciencylowered in the order of Sodium dodecyl sulfate (SDS)孟 αー Olefinsul-
fonate (AOS) > Sodium linear alkylbenzene sulfonate (LAS). However， a model detergent liquid (K) consisting of equal 
‘ parts of SDS， AOS and LAS，叩daso a model detergent liquid (J) consisting of two parts of SDS and one part of AOS 
showed high removal e伍clencles
8) A study on the e仔ectof protease substrate specificity on the removal of stratum corneum debris trom soiled 
woolen neck bands revealed that alkaline bacterial protease (pr吋ucedby Bacillus subtilisin BPN') which is clinically 
known to have a powerful digesting property of necrotic tissues ; alkaline actinomyces protease (produced by strepto-
myces fradiae) which specifically hydrolyses keratin ; and neutral actinomyces protease (produced by Streptomyces gri-
seus 1) which has a wide range of substrate specificity of powerfully and indiscrirninately hydrolysing the peptide 
bond by the combined action of endopeptidase and exopeptidase are suitable agents to be used in the removal of stra-
tum corneum debris from woolen fabrics. A high removal efficiency was noted when used in concentrations above 
25 PU / ml at a temperature of 40.C for 15 minutes. 
9) A study of the mechanical effect of washing on the removal of stratun1' corneum debris from soiled woolen neck 
bands revealed increased removal e伍ciencywhen distilled water was used. Also， a high removal efficiency was noted 
when washed with neutral detergents containing protease. When the revolution was increased to more than 105 cpm 
during washing， the scale structure of the woolen fabrics was destroyed by the mechanical effect. 
10) A study of the removal of stratum corneum debris from w∞len neck bands by dry cleaning revealed a high 
removal e伍ciencyfor the removal of sebaceous matter， however， removal efficiency was low for the removal of pro-
teins. Furthermore， with soiled woolen collar bands， unlike soiled cotton neck bands， a high removal efficiency was 
noted when 1， 1， 1 -trichlor ethylen was used than when petroleum naphtha and perchlor ethylen were used. Cation 
dry cleaning detergents， such as petroleum naphtha and perchlor ethylen which have high solubilization water showed 
superior protein stain removal eficiency and redeposition prevention effect when compared to those of anion or nonion 
dry cleaning detergents. The water contained in the detergent solution is known to increase the removal efficiency of 
pro tein stains from the soiled w∞len neck band. Howev巴r，a high removal e伍ciencywas noted when com凹 unden-
zymes， such as， actinomyces protease， actinomyces hyaluronidase and chitinase were added to the solubilization water 
of the detergent solution 
( 24) 
